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ABSTRACT

A method of image segmentation has been developed based
on creating links between pixels in successive layers of a
"pyramid” of reduced-resolution versions of the image. 1In
the original implementation of this method, the links were

gray level, for each pixel. In this note, the method is
extended to links based on multiple features, such as color .
components or neighborhood properties.
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A method of image segmentation described in [1l] is

based on creating links between pixels in successive layers
of a "pyramid” of reduced-resolution versions of the image.
The method makes use of an "overlapped" pyramid in which
each level is initially obtained by averaging 4-by-4 blocks
of pixels on the level below, where these blocks overlap by
50% in the x and y directions; this implies that each pixel
has four "fathers" on the level above it. To segment the
image, we link each pixel (at each level of the pyramid) to
that one of its four fathers whose gray level is most similar
to its own. We now recompute the value of each pixel (on the
levels above the image itself) by averaging only those pixels
on the level below that are linked to it. Based on these
new values, we change the links as necessary; recompute the
values based on these new links; and so on, repeating the
proéesl until there is no further change (typically after a
few iterations). The resulting final links define subtrees
of the pyramid, having pixels as leaves and having roots at
the. uppermost level, which we usually take to be the 2-by-2
level. Each subtree thus defines a subset of the pixels (its
leaves), so that we have segmented the image into (at most)

four subsets. gy *

The linking process need not be used on average gray

level,; we can use any property that can be computed for th
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common gray level (four widely spaced levels were used).
The red segmentation does not distinguish bushes from
' ' shadowed brick; the green segmentation breaks the bushes
N up into a grass-like and a shadow-like part; and the
blue segmentation, besides not distinguishing bushes from
J : shadow, breaks the sunlit brick into arbitrary subclasses.
o Figure lc shows results when we use two colors at a time:
green and blue in the left column, blue and red in the
center column, and red and green in the right column. Here,
the segmentations confuse parts of the bush class with the
;. shadow class, but the blue/red segmentation gives a fairly

good partitioning of the image into the four types of regions.‘
" Figure 2a shows a local "busyness" measure computed
" for each pixel of the red, green, and blue images. [For the
" 3-by-3 neighborhood 3 E %, this measure is defined by
’ min(|]a - b| + Ibg-cl + |d-e| +|e-f| +|g-h] + |h-il,
la-dal +]a-g| +|b-e|] +|e=-h| +|c-£| +|£-4i])
where the min is used to decrease the response to step edges,
; while retaining a high response in isotropic "busy" regions.]
- Figure 25 shows segmentation results based on busyness alone;
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the green result, in particular, gives fair discrimination
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T u"':ﬂ\between the bushes and the other regions, but the other
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.,,; ;g;;éqgionl themselves - as should be expected - are not distin-

1} v‘:; ;’,gu shed. Figure 2c shows results when we use two features,
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gnj\ level (in the given band) and busyness; none of these
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levels of the pyramid by averaging. If desired, we can

begin the process by dividing the image into blocks, com-
puting a property (e.g., a textural property) for each
block, and building a pyramid starting from the resulting
array of prqpefty values; linking in this pyramid yields
a (blocky) segmentation of the image into (at most four)
textured regions [2]. Other modifications of the basic
pyramid linking process have been investigated, including
the use of weighted rather than forced-choice links [3], as
well as variations of the linking criterion that take
positional information into account [4]. Methods of com-
bining this linking scheme with image segmentation by
recursive splitting into homogeneous regions have also been
investigated [5].

The linking process need not be based on a single property;
we can compute a property vector for each pixel (or block)
and extend it to the higher levels of the pyramid by com-
ponentwise averaging. This note illustrates this generalization
with some simple examples of pyramid linking based on pairs
- of properties.

Figure la shows the red, green, and blue bands of a color
image of part of a house, showing sunlit and shadowed brick,
bushes, and grass. Figure 1b shows the results of the pyramid.
linking process applied to each band separately; the pixels
belonging to each of the four subtrees are displayed with a
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yields the four types of regions, but the results in the
green band yield the brick (both sunlit and shadowed) as
essentially a single region, while dividing the bushes
into two classes. All results shown are for ten itera-
tions.

Working with two features does not always yield signi-
ficant improvement over working with single features.
Table 1 shows classification results for two geological
terrain types, Lower Pennsylvanian Shale and Pennsyivanian
Sandstone and Shale, using three texture features, singly
and pairwise. Each feature was the moment of inertia of a
gray level co-occurrence matrix abouﬁ its main diagonal
(Haralick's "CON" feature), where the matrices were
defined for the displacements shown in the second column
of the table. In earlier texture classification studies
using the same terrain types (6], these features individually
had error rates of close to 25%, whereas pairwisethey gave
error rates of under 10%. In the present experiment,
however, there is little or no improvement when pairs are
used, probably because the error rates for single features
are so low.

In conclusion, these examples illustrate how the basic
pyramid linking method may sometimes yield a richer class
of segmentations by using more than one property to

LIPS T O I R TR e e YN e e T T Tt Tt e e e e Tt ettt
e P A ’D'q,‘-‘cu'e-" PRI I DR IR RN SN T R

oo W P ITRIE FE R NS
M 1 WA, PP A Y YT P R L A



L N WML Yy YRV e e e S W Y M B S I L e A

£ uf e

o2 SE

characterize the pixels. Pyramid linking appears to
deserve further investigation as a general approach to

*’ image segmentation.
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1 (1,0) 4.3 2&3 3.3
2 (0,1) 6.4 3s1 5.2
3 (0,2) 14.2 1&2 6.2

Table 1. Classification results for geological
terrain types
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(a)

(h)

(c)

Figure 1. a) House image: red, green and blue components
b) Results of pyramid linking applied to each
band separately
c) Results using pairs of bands: green/blue,
blue/red, red/green

(a)

(b)

(c)

Figure 2. a) "Busyness" values in the three bands
b) Results of pyramid linking applied to these values
c) Results using (intensity, busyness) feature pair
in each band




UNCLASSIFIED

® SECURITY CLASSIFICATION OF THIS PAGE (When Dete Bntered)

REPORT DOCUMENTATION PAGE BEPORE COMPs Bt om
1. REPGRT NUMBEN 2. GOVY ACCRSSION NOJ 3. RECIPIENT'S CATALOG NUMBER
AT - aal45
%, TITLE (and Subtitle) $. TYPE OF REPORT & PEMOD COVERED
MULTIBAND PYRAMID LINKING Technical
. ) 8. ru'onmgc ORG. REPORT NUMBER
RO THORS 5. CONTRACT OR GRANT NUMBER(®) |
Tsai-Hong Hong DAAG-53-76C-0138

Azriel Rosenfeld

9. PERFORMING ORGANIZATION NAME AND ADDRESS . PROGRAM ELEMENT. PROJECT, TASK

AREA & WORK UNIT NUMBERS

Computer Science Center

University of Maryland
College Park

1%. CONTROLLING OFFICE NAME AND ADORESS 12. ."Q.}: Di;lsl
U.S. Army Night Vision Laboratory Marc
Fort Belvoir, VA 22060 13. NUMBER OF PAGES

7
[ ORITORING AGENCY NAME & ADDRESW(If ditferent frem Centrelling Office) | 15. SECURITY CLASS. (of this reperd)

WW

!t Ollfllﬁﬂﬂ STATEMENT (of this Repert)

Approved for public release; distribution unlimited.

7. uﬁmwﬂm l?ATiuli? (of the ebstract entered in Block 20, i diftorent fram Repert)

P ————— ——
18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on olde i ary end idontity by bleck number)
Image processing Texture

Pattern recognition

Segmentation
Pyramids
ABSTRACYT (Continue en reverse side i nesossery awid idontily by biesk number)

Si method of image #'gmentati n has been developed based on creating
links between pixel! ¢~ sr .essive layers of a4‘byramidQ of reduced-
resolution versions ~f the image. 1In the original implementation of
this method, the links were based on comparing the values of a single
feature, (average) gray level, for each pixel. 1In this note, the
method is extended to links based on multiple features, such as color
components or neighborhood proportfggﬂ\

— —*__
oD, :::l'” W73 sovmown or 1 nov 68 18 OBSOLETR classified
SECUMTY




